In this contribution we present the results of analyses of selected mineral nutrients in assimilatory tissues of spruce trees at different developmental phases (plants, adult trees) in the region Horný Spiš. The very close connection between mineral nutrient cycling and other physiological processes in the plants has been well recognised. The presented analyses of mineral nutrient cycling were done within comprehensive eco-physiological research assessing the physiology and health status of spruce stands in the study area. The research was conducted directly in the stand (Hliníky locality, Horný Spiš -two research plots: 1. plot with spruce stand in advanced decline, 2. control plot -without visible decline symptoms) and, at the same time as a pot experiment. The objective of the pot experiment was to verify the supposed negative influence of soil environment (in the locality with advanced decline of spruce stands) on the growth of spruce trees and their mineral nutrient conditions. The analyses of the material sampled from the stands revealed high amounts of manganese (Mn T ) that were in the toxicity range on both examined plots. Another negative finding was high amounts of toxic aluminium, primarily in needles of adult trees growing on the plot with symptoms of acute stand decline. This reflects a very low value of pH/H 2 O -3.7 (pH/KCl -3 to 2.8) and total exhaustion of the soil suffering, moreover, from the lack of soil water. As for the differences in amounts of individual macronutrients between the plot with intensive decline and the control plot, no significant differences were found, with the exception of Fe. On the other hand, evident significant differences in risk elements Pb, Hg and Al were found. As for the differences in nutrient contents in spruce seedlings in the pot experiment (variants 1 to 6), we can see significant differences in macronutrient contents (N, P, Ca, K, Mn), in some cases also in risk element contents (Al).
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The progressive massive decline of forest woody plants, primarily spruce, spreading in the regions Orava, Kysuce, Tatry and Spiš in recent years is a well-recognised fact. Similarly affected stands can be found in border regions in Poland and in the Czech Republic, Germany and Italy. The general cause is supposed to be a complex of adverse factors -longterm impacts of airborne pollutants generated by both local and remote foreign sources, low stability of even-aged, spatially poorly differentiated conifer monocultures, global climate change entailing an increase in the mean air temperature and deficit of the available soil water content, gradation of biotic pests, primarily wood-destroying fungi and bark beetles, etc. These negative phenomena are accompanied by changes in the chemistry of plant assimilatory tissues and changes in soil chemistry.
Toxic substances dispersed in the atmosphere and diluted in vertical and horizontal precipitation cause damage especially to assimilatory tissues of forest woody plants. They impair the protective layer on leaves and penetrate into the tissues from which they leach Mg contained in chlorophylls, and other biogenic elements, primarily K, Ca and P (Tausz et al. 1996) . Toxic substances in the environment also decrease the potential synthesis of assimilates and disturb the mechanism of leaf stomata control. In such a way, they increase water losses followed by leaf drying. The changes in enzymatic activities are progressive; the leaves are aging prematurely. The result is lowered frost resistance of trees and disturbances in photosynthetic activities.
Today, it is possible to study the impact of mineral nutrition corresponding to different levels of physiological structures and functions. However, the function of nutrients is dependent on a number of factors connected with tree growth, ontogenesis, soil conditions and meteorology; consequently, to meet the issue is frequently a really complex task. At the same time, it is necessary to remember that the various stress factors not only participate in changes in the chemistry of tissues and cells, but also they influence the tolerance or response of woody plants (Katzensteiner et al. 1992; Trimbacher, Weiss 1999; Zimmermann et al. 2000) .
Nutrient concentrations in conifer needles strongly influence their biochemical capacity for photosynthesis and growth, and they can also be reflected in the leaf anatomy (Jokela et al. 1998) . Mineral nutrition is indirectly coupled with stomatal frequency and conductance, since every change in the transpiration stream will also influence the transport of nutrients to the foliage (Bonan, Van Cleve 1992) .
In this contribution we present the results of analyses of selected mineral nutrients in spruce assimilatory organs performed separately for the different developmental phases (seedlings, young trees -less than 20 years, adult trees) in the Horný Spiš region, because the very close relation between mineral nutrition and other physiological processes is a well-recognised phenomenon.
The presented analyses of mineral nutrients were carried out in the framework of a comprehensive eco-physiological research assessing the physiological and health status of spruce stands in the geographic area concerned.
MATERIAL A METHODS
The Hliníky locality (Horný Spiš), in which research was conducted, is situated in the region of the Slovenské rudohorie Mts., the unit Volovské vrchy Mts. In the territory of the Forest Management Unit Spišská Nová Ves medium stable forest ecosystems with the degree of ecological stability equal to 2 are evidently dominant. The main cause of lower stability is unfavourable species composition, secondarily modified in favour of spruce. The natural conditions in the area are not optimum for this woody plant due to subnormal precipitation (precipitation shadow of the High Tatra Mts.), and locally especially due to lower altitudes with favourable conditions for development of several generations of bark beetles in one growing season. The experimental plot is situated at 950 m above sea level. It is a remnant of an 80-years old homogeneous spruce stand, the major part of which was cut in salvage cuttings enforced by bark beetles calamities.
Research was conducted in the Hliníky locality (Horný Spiš) on five selected adult spruce trees (age of 100 years) on a plot exposed to air pollution (advanced stage of spruce stand decline), and on five sample trees on the control plot (without visible symptoms of decline until then). By the end of September 2004, we sampled assimilatory tissues from the branches of the fifth whorl in the upper crown part. Simultaneously we also sampled the material from a young spruce stand (age of 20 years, five sample trees).
Changes in the physiological and, consequently, health status of spruce trees were also studied in a pot experiment established in the Arboretum Borová hora. The aim of this experiment was to evaluate the supposed negative influence of soil environment (in a locality with advanced stage of spruce stand dieback) on the growth of spruce trees and state of mineral nutrition. We took the soil substrate for a pot experiment from the plot with intensive spruce dieback (almost decomposed spruce stand -Hliníky locality, Horný Spiš). For comparison, we also took the soil substrate from a beech stand in the same area (without the influence of spruce needle litter). At the same time, we selected several seedlings from the air-pollution plot in the Hliníky locality in two modifications − with symptoms of needle yellowing and apparently green seedlings without visible symptoms of depigmentation. The basic standard for comparison were bare-rooted evenaged seedlings from the tree nursery at Smižany (Horný Spiš), registration number 043448-020 (age 1/2, class 20-25 cm).
The pot experiment had the following six variants: -Spruce seedlings with visible symptoms of yellowing needles in the soil substrate from the air-pollution plot Hliníky (10 seedlings); -Spruce seedlings with symptoms of yellowing needles in the soil substrate from the beech stand (10 seedlings); -Spruce seedlings, apparently green (without visible depigmentation of needles) in the soil substrate from the air-pollution plot Hliníky (10 seedlings); -Spruce seedlings, apparently green (without visible depigmentation of needles) in the soil substrate from the beech stand (10 seedlings); -Spruce seedlings from the tree nursery in the soil substrate from the air-pollution plot Hliníky (10 seedlings); -Spruce seedlings from the nursery in the soil substrate from the beech stand (10 seedlings). The primary goal of the pot experiment was to study the influence of soil properties on the physiological state of spruce seedlings and on the state of mineral nutrition. The experiment was conducted from 2004 to 2005.
The analysis of assimilatory tissues was focussed on the quantification of amounts of N, S (NCS-FLASH 1112 analyser), P, K, Ca, Mg, Mn, Fe, Al, Zn, Cu, B (in the mineralised material using the method AES-ICP), Ni, Cr, Cd, Pb (in mineralised material using the method AAS-ETA) and Hg (in solid samples, AMA 254).
Statistical analyses
We carried out statistical analyses of differences in the studied elements between the plot with acute symptoms of spruce stand decomposition and the control plot (without apparent symptoms of damage to the stand) and also between the individual variants of the pot experiment. The applied method was Mann-Whitney's U Test, the calculations were performed using statistics software (SAS Institute, CA, USA).
RESULTS AND DISCUSSION
The extent of physiological damage to spruce trees of various age categories in the area of Horný Spiš is almost unambiguously consistent with the level of mineral nutrition. We conducted our research, being provided with a wide spectrum of data reported by Maňkovská (1997) , Bergmann (1988) , Weikert et al. (1989) and Fiedler and Höhne (1985) . It is necessary to point out several important facts. High contents of manganese (Mn T ) reaching the range of toxicity were found on both plots (Tables 2 and  4) . Manganese is an essential element, it is however toxic in higher concentrations. Its mobilisation indicates disturbances of physiological equilibrium reflected in the changed ratio of this element to iron (originally 1:2 or 0.5). Market et al. (1996) suggested that among the studied parameters mainly Mn content in spruce needles was correlated with the needle loss. For this reason, the Mn content is used as an indicator of damage to woody plants. In such a way, the trace element becomes a toxic one. Another negative finding is a high content of aluminium, primarily in needles of adult spruce trees on the plot with acute symptoms of decomposing stands (Tables 3 and 5 ). These symptoms respond to a very low pH/H 2 O value -3.7 (pH/KCl -3 to 2.8) and overall soil exhaustion connected with the lack of The low content of potassium also indicates the insufficiency of water regimen both in soil and in individual spruce trees. The generally hypothesised deficiency of magnesium and increased heavy metal contents in needles of spruce trees growing in the region Horný Spiš were not however confirmed.
As for the differences in individual macronutrients between the plot affected by intensive decline and the control plot, we can conclude that, except for Fe-content, there were not found any significant differences between the two plots. On the other hand, there are evident significant differences between the studied plots in Pb, Hg and Al (Table 6 , MannWhitney's U Test).
We carried out the pot experiment with the objective to confirm the supposed negative influence of soil environment, and certain soil exhaustion (in a locality with advanced stage of spruce stand decline) on the growth of spruce trees and contents of mineral nutrients.
As for the differences in element contents in needles of spruce seedlings in the pot experiment (variants 1 to 6), we can see significant differences in macronutrients (N, P, Ca, K, Mn), in some cases also in risk elements (Al).
Significant differences in the content of N were mostly indicated when spruce seedlings taken from the acutely decomposing stand were planted in the soil taken from the same plot -compared with variants when the spruce seedlings were planted in the soil taken from the beech stand (without the influence of spruce litter) (variants 1-6, 2-3, 3-4, 3-6, Table 7 ).
The role of N in physiological processes, mainly photosynthesis, is commonly well recognised because changes or differences in the level of nitrogen nutrition are mostly reflected in changes in the structure and function of the photosynthetic apparatus (lowered efficiency of utilisation of photosynthetically active radiation).
Similarly, we recorded significant differences in another macroelement Ca, primarily in those variants of the experiment in which we compared the seedlings planted in the soil with intensive impact of spruce litter and the seedlings planted in the substrate from the beech stand (without the influence of acid litter).
In the case of P and K we observed significant differences between variants 5 and 6 (5 -spruce seed- lings from the forest nursery planted in the substrate from the declining forest stand, 6 -spruce seedlings from the nursery planted in the soil substrate from the beech stand). An unfavourable situation in the content of Mn (limit-exceeding values in adult spruce trees in both localities) was also observed for spruce seedlings in the pot experiment (the limit values were exceeded many times). Significant differences were confirmed again, primarily in those variants of the pot experiment in which we compared yellowing spruce seedlings planted in the soil with intensive impact of spruce litter and green spruce seedlings planted in the soil from the beech stand (Table 8) .
We observed significant differences in risk element contents, mainly for Al, between the variants when both yellowing and green seedlings were planted in the soil from the decomposing stand and compared with both yellowing and green seedlings planted in the soil from the beech stand (Table 8) .
Phenomena of decline in two spruce (Picea abies [L.] Karst.) forests in different locations in Austria were described on a biochemical and ultrastructural level by Tausz et al. (1996) . They established that nitrogen, calcium, and potassium contents of the needles were significantly correlated with chlorophyll concentrations in visibly yellowed needles (from declining trees with more than 40% needle loss and visible needle chlorosis). In the other locality (apparently healthy trees with less than 40% needle loss) nutritional factors did not seem to play a dominant role in the initial stages of needle yellowing.
Most studies concerning the interaction of pollutant stresses and mineral nutrient concentrations reported effects on plant growth and yield (Pfanz et al. 1994; Trimbacher, Weiss 1999; Ewald 2005) . Ke and Skelly (1994) studied relationships between symptoms expressed by Norway spruce foliar and soil elemental status. They found out that foliar concentrations of Mg, Ca, K, P, Mn, Pb and Zn were positively correlated with concentrations of corresponding soil elements. Principal component regression analysis of the data provided an assessment of interactions and balances among foliar elements, and among soil elements and their possible influences on crown symptoms (crown discoloration and crown The results of analyses of mineral nutrient contents in assimilatory tissues of spruce stands allow us to conclude that the mineral nutrition of spruce trees growing in the region Horný Spiš is considerably disturbed. This is evident from high contents of manganese and aluminium and low contents of calcium and primarily potassium in spruce assimilatory tissues. At the same time, certain exhaustion of the Table 7 . Significance of differences in element contents (N, S, P, Ca, Mg) Mann-Whitney's U Test, *P < 0.05, **P < 0.01 
